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SUMMARY 



A method is outlined for determining in flight the 
weight rate of air flow to the enp-lne equipped with a 
Bendix-Stromberg in jection-type carburetor. The nethod 
ha? the advantages that no additional equipment need be 
inserted in the charge-air s7;^stein and only a few simple 
measureTT^ent s are necessary. The analysis of an air-box 
calibration of tl'ie carburetor to be used in interpreting 
the flight r?ieasureirient.T is shown by an example. 



INTRODUCTION 



Much difficulty has been experienced in measuring 
the weight rate of air flov^ to the engine in flight in 
order to determine fuel-air ratio or to investigate other 
phases of engine operation. When it is possible to 
insert an. orifice plate or a Venturi in the induction 
system., additional losses are introduced in the system* 
Fitot-static traverses v/ith a reasonable number of tubes 
do not usually define the velocity distribution with suf- 
ficient acc\;racy and, in some cases, are largely affected 
by turbulence, 'it has been found that, on airplanes : 
equipped with the Bendix-Stromherg injection-type car- - 
buretor, char^re air flow can be determined accurately 
within certain limits v;ith a few relatively sim.ple meas- 
urements. The m.ethod of interpreting these measurements 
is outlined herein. 



AGTIiOD 



The air-measuring unit of the Bendix-Strom.berg 
injection-type carburetor consists of a double Venturi 
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rrfsterri as showr: in fipn.re !• The pref^^ur-e difference 
developed by this system is reduced by a density- 
compensating system to a value called the compensated 
metering pressure. The compensated metering pressure, 
acting through an arrangement of a diaphragm and a poppet 
valve, controls the pressure drop across the fuel jet~s. 
The method of determining air flow that is outlined here, 
however, is independent cf the action of the density- 
compensating system and the f uel-mietering sT/stem. 

In a compressible fluid, such as aar, the relation- 
ship between weight rate of flow and the pressure dif- 
ference developed by a Ventu.ri system, may be expressed as 



where 

W . v/eight rate of flow of air, po^unds per second 



g acceleration of gravity, feet per second per 

second 

Ag effective area of boost Venturi throat, square 

feet 

density at entrance total pressure and tempera- 
ture, slugs per cubic foot 

H-^ absolute entrance total pressure, pounds per 

square foot 

Po^ absolutie static pressure at boost Venturi throat, 

pounds per square foot 

For a. single Venturi the function of the pressure ratio- 

fli^ ) can be expressed mathematically. For the system. 

under consideration, however, the relative restrictions 
offered by the boost Venturi and* the main Venturi are 
riot constant, so that the proportion of the total air 
flow that passes through the boost Venturi is not con- 
stant and the pressure difference developeci by the boost 
Venturi is a different function of the total air flow. 
It is therefore necessary to r'esort to a calibration of 
the Venturi system^ over the range cf pressure ratio that 
will be encountered in flight, 
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Figure 2 shows a typical air-flow calibration of a 
Bendix-Stroraberg injection-type carburetor plotted 
accordinp to the generalized equation ( 1) • Data plotted 
in figui'e 2 incLide air-box tests at ordinary room tem- 
perature at the inlet obtained from. Bendix Aviation Corp. 
Strcmberg Aviation Carburetor Dept. and Wright Field^ 
air-box tests both at room temperature and at approxi- 
mately -40^ Fat the inlet (reference 1). Analyzed in 
this way, the characteristics of the Venturi system can 
be simply determined because only the range of pressure 
ratio need be investigated; that is, it is unnecessary to 
simrulate temperatures or ail possible combinations of 
density and air flow* Figure 3 illustrates better than 
figure" 2 that the calibration is independent of tem:pera- 
ture, when the data are analyzed in this m.anner. In 
figure 3(a) some of the data included in figure 2 are 
shown in the usual presentation as the pressure differ- 
ence developed by the Venturi system, for a range of 
entrance density at a constant air flow. For a given 
entrance density, the pressure difference varies with the 
temiperature • In figure 3(b) the same data are plotted 
in the manner suggested by equation (1) and figure 2. 
The temperature effect disappears, and the^ relation 
between pressure ratio and the variable v/^/2g2p^H-, is 

shown to be independent of the temperature. The charac- 
teristics of the Venturi system, can therefore be estab- 
lished by calibration tests at any desired temperature 
and can be specified by a single curve of the air-flow 
parameter V-fi/2g^p-i^y.-^ throughout the desired range of 
pressure ratio. 



ACCURACY 



The exDcrimental deviation of the m.easurem:ent of air 
flow by the method outlined herein is within ±1^ percent 

for values of pressure ratio greater than 0.65. This 
deviation is shown in figure 4, where the percentage 

deviation of the factor W^/2g2p-| from, the faired 

curve of figure 2 is plotted against the pressure ratio. 
Except at high pressure ratios for which the low pres- 
sure differences could not be read from, the calibration 
curves with sufficient accuracy, scatter of the data in 
the square of the air flow is of the order of ±5 percent, 
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or in the air flov: is of the order of ±l-i percent- This 

vscatter i.? the same order , of accuracy usually achieved 
in the deterninati on of the -air flow with the calibrating 
equipment used. 

At pressure ratios less than 0,65, the scatter of 
the data increases until, at a plr^essure ratio of approxi- 
mately 0*40 the ^.''enturi system becomes worthless as a 
m.easuring unit. Fif^ure 2 shows that the minim.um pres- 
sure ratio obtainable is appi^oximately 0.40. Because 
theory Indicates that pressure ratios less than 0.528 can 
be attained only in supersonic flow in an increasing 
area, the point of measurement in the boost Venturi is 
probably somev;hat downstream- of the effective throat of 
the Venturi. Theory further indicates that, for the 
relative areas necessary to satisf:/ the fore:j;^oing condi- 
tions, a pressure retio of approximatel;/ 0.55 will be 
attained at the point of measurement v/hen the speed of 
sound is just reached at the throat of the boost Venturi. 
The definite change in the character of carburetor cali- 
bration below a pressure ratio of 0.55 corresponds 
to the transition from, subsonic to supersonic flow in 
the Venturi. It is evident from figure 4 that the flow 
in the boost Venturi cannot be definitely controlled 
under this condition and the accuracy of the unit as an 
air-flov7 mteasuring device is lessened. 

According to reference 2, large changes in pressure 
distribution at the entrance to the carburetor mi.ay cause 
as pnich as 5-nercent error in the measurement of air 
flow by the method outlined herein. In order to take 
into account any nossible variation of this nature, the 
carburetor is usually calibrated with the duct in place 
to simulate flight conditions. Small changes ^n duct 
design will not appreciably affect the calibration, and 
carburetor duct installations that have efficient pres- 
sure recovery and therefore nearly uniform pressure 
distribution are alm.ost equivalent to an ideal inlet as 
far as the carburetor calibration is concerned. 



FLICzHT T.^ASURE^IENTS 

The necessary measurements to determ.ine air flow in 
flight consist of' absolute entrance pressure, total 
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entrarce temperature, and boost Verxturi suction. Taps 
are usually/ provided for rn.easurep;.ent s of these pressures. 
In addition to the usual carburetor-air teniperature 
Installation, an altimeter for absolute entrance pressure 
and an airspeed meter for the pressure difference are 
the only equipinent needed- 



FUEL-FLOW ?ffi;ASURE]\5ENTS 



If an indication of fuel-air ratio is desired, fuel 
flow can be determined indirectly with the Bendix- 
Stromberg in jec tion- type carburetor by measurement of 
the compensated air-metering pressure, inasm.uch as both 
the fuel-m.etering pressure and the effective fuel-metering 
jet area are dependent upon this pressure difference. 
The measuremient is inadequate at lov.^ fuel flows when the 
throttle is nearly closed because an additional restric- 
tion in the formi of a variable-area idling jet is inserted 
in the fuel-measuring unit. Flight measurements, hov/- 
ever, do not ordinarily extend into this region. 

A flov7-bench calibration of the carburetor is neces- 
sary for translating the m.easurerr:ent s of air-m.et ering 
pressure into fuel flow. If adequate fuel pressure 
indicates that no vapor is present in the fuel systemi, 
this m.easurement can be expected to give results as 
accurate as the ordinary flowmeter. For greater accuracy, 
a measurem.ent of fue] temperature is desirable to take 
into account a change in fuel density from that used in 
calibration. The error in fuel flow due to change in 
temperature is of the order of 3 percent for lOO'^ F. 



CONCLUDING REMARKS 



On the basis of the calibration test described herein, 
it is believed that an accurate determination of the weight 
rate of air flow to the engine may be obtained in flight on 
airplanes equipped with a Bendix-Stromberg injection-type 
carburetor, without the necesj^lty for insertion of an 
additional measuring device In the cha?ge-air du^ts. 

Langley Memorial Aeronautical T^aboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va* 
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Figure Schematic drawing of air-measuring \mit 
of Bendlx-Stromberg injection- type carburetor. 
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Fig. 3 
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Figure 3.- Coir.parison of rrethods of presentation of air-flow 
calibrations for a typical Bend ix-Stromber g in je c t i on- type 
carburetor. W = 12,00C pounds per hour. 
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Figure L|..- Deviation of air-flow parameter from faired curve 

of figure 2. 



